In this paper we demonstrate, for the first time, that Epstein-Barr virus (EBV)-
Epstein-Barr virus (EBV) is a human, B-lymphotropic herpesvirus that is best known for its capacity to immortalize normal B cells in vitro and for its association with a number of human neoplasias, including both lymphomas and carcinomas (for reviews see references 14 and 27) . EBV immortalizes B cells in vitro by infecting them and driving them to become proliferating lymphoblasts (34) through the expression of nine latent proteins under the control of the transcription factor EBNA2 (38, 39, 42) . This state of infection is referred to as the growth program (35) or latency 3 (27) , and EBNA2 expression is a specific characteristic of EBV-infected B cells using this program. Like other members of the herpesvirus family, EBV also has the capacity to establish a life-long, persistent infection. Despite the pathogenic potential of the virus, life-long infection is benign in the overwhelming majority of the infected population.
Recent studies have begun to unravel the mechanism of persistent infection in healthy individuals, which is at variance with the pathogenic behavior classically associated with EBV. In the peripheral blood of healthy carriers, the virus is tightly restrained, being found only in resting memory B cells (4, 19) . The only latent gene to be consistently expressed in the peripheral blood is LMP2 (5, 26, 36) , and there is evidence to suggest that even this gene may not be expressed in the majority of the infected cells (3) . We have referred to this state as the latency program (35) and proposed that these cells are the site of long-term persistent infection because they are not a pathogenic threat to the host and are probably not subject to immunosurveillance. If true, then EBV, in its site of persistence, is much like the other herpesviruses in that it persists in a transcriptionally quiescent state in a long-lived, resting cell.
The ability of EBV to establish a latent infection in a resting B cell raises the question of what the role of the EBV growth program may be in vivo.
Cells expressing the growth program have been detected in the blood during acute infectious mononucleosis (36) but have never been found in healthy, persistently infected individuals (19, 36) , even when immunosuppressed (3) . It is now well established that all healthy carriers have large numbers of cytotoxic T cells (CTL) that recognize epitopes from latent proteins that are uniquely expressed during the growth program, namely, EBNA2 and the EBNA3s (reviewed in reference 13). The suggestion has been made that the lymphoblastoid form of latency is undetectable in healthy carriers because the cells are immediately destroyed by CTL. This led to the proposition that the growth program may be required to establish a latent infection before the CTL response arises, but thereafter it is not required for life-long maintenance of the persistent infection (15, 18, 28) .
It is believed that EBV establishes infection through exposure of the mucosal lymphoepithelium to saliva containing infectious virus. Similarly, it is believed that the virus is shed from the mucosal lymphoepithelium into saliva (2) . Recently we observed that, in tonsils, unlike the peripheral blood, there are significant numbers of latently infected, naive B cells, and their presence is associated with ongoing viral replication (4) . In rare cases when we were unable to detect viral replication, infected, naive B cells were absent. This led to the suggestion that naive B cells in the tonsil are being infected with EBV to produce proliferating lymphoblasts driven by the growth program (4). These infected naive B cells would either be killed by CTL or differentiate within the tonsil to become resting memory B cells (32, 33) . The latently infected cells could then leave the tonsil, accounting for the restriction of EBV to memory cells in the periphery.
In this study, we have used reverse transcription-PCR (RT-PCR) analysis for EBNA2 expression to screen B-cell subsets from a panel of healthy tonsils, to test for cells expressing the growth program. We found that EBNA2 was consistently expressed but only in the naive B-cell subset, as predicted from our previous studies. Furthermore, the latently infected, naive B cells express all of the growth program latent proteins expected for B cells that have been directly infected with EBV.
MATERIALS AND METHODS
Cells and cell lines. An in vitro-immortalized, EBV-positive lymphoblastoid cell line was used as a positive control for DNA PCR and RTPCR for EBNA1 (U-K), EBNA2, EBNA3a, EBNA3b, EBNA3c, LMP1, and LMP2a. Rael (gift of S. Speck), an EBV-positive Burkitt's lymphoma cell line, was used as a positive control for EBNA1 (Q-K) RTPCR. The cell lines were maintained in 5% CO 2 in RPMI 1640 with 10% fetal bovine serum and penicillin and streptomycin.
Tonsils were obtained from patients undergoing routine tonsillectomies, primarily for obstructed-breathing disorders, at the New England Medical Center and the Massachusetts General Hospital. Tonsils were minced in PBSA (phosphate-buffered saline [PBS] with 0.5% bovine serum albumin), and the resulting suspension was passed through a silkscreen to remove any connective tissue. The cell suspension was diluted to 10 8 cells/ml, layered onto Ficoll-Hypaque (Pharmacia), and centrifuged at 2,000 rpm for 30 min at 25°C. Buffy coats were removed, washed twice with PBSA, and centrifuged at 1,200 rpm for 15 min. The isolated lymphocytes were then either stored frozen in aliquots for future study or fractionated into immunoglobulin D-positive (IgD ϩ ) and IgD Ϫ subsets. The frequency of virus-infected cells was estimated for each subpopulation by limiting-dilution DNA PCR as described below. Lymphocytes from EBV-negative tonsils were used as negative controls for all RTPCR experiments and were also used to bring the cell number up to 5 ϫ 10 6 when necessary prior to mRNA isolation.
Magnetic bead separations. Tonsillar mononuclear cells were resuspended to 2 ϫ 10 7 cells/ml in PBSA as 1-ml aliquots. To positively select the naive (IgD ϩ ) population, biotinylated anti-IgD antibody (0.015 g) (Southern Biotech catalog no. 2030-08) was added to each tube and incubated on a rotator at 4°C for 30 min. All tubes were washed two times with PBSA and resuspended to 180 l in the same buffer. Then 20 l of streptavidin-coated microbeads (Miltenyi) was added to each tube and incubated for 10 min at 4°C. Cells were again washed and resuspended in 500 l for separation using a magnetic cell separation column (Miltenyi) and kept at 4°C at all times. The MACS column (AS or CS, depending on the cell number) was prepared by rinsing with 5 column volumes of PBSA and then inserted into a VarioMACS magnet. The flow rate of the column was adjusted by attaching a 25-(AS) or 23 (CS)-gauge needle to the base of the stopcock. Cells were then loaded onto the column, and the negative fraction was collected. The cells were washed through by applying 3 column volumes of PBSA to the column while still attached to the magnet. The retained population was then washed by removing the column from the magnet and injecting 1 column volume of PBSA from the bottom of the column using the side syringe supplied. The needle was then replaced with a 23-(AS) or 21 (CS)-gauge needle, the column was reinserted into the magnet, and cells were allowed to flow through. These cells were collected as the wash fraction and discarded. The column was again rinsed with 3 column volumes of PBSA as before to remove any remaining nonspecifically bound cells. The column was then removed from the magnet, the needle was removed, and the column was washed with 5 column volumes of PBSA to elute the retained cells. The resulting IgD ϩ fraction was set aside, and the IgD Ϫ B-cell fraction was isolated from the whole IgD Ϫ fraction by positive selection for the pan-B-cell marker CD19. The biotinylated anti-CD19 antibody was prepared in our own laboratory and was used at 0.072 g/ml per tube. FACS analysis and antibodies. All fractionated populations were analyzed using a Becton Dickinson FACScan or FACSCalibur. After separations, all column fractions were stained with a PE-conjugated anti-IgD (Southern Biotec) as well as anti-CD20-FITC (Dako) for reanalysis to assess purity and recovery. As negative controls, MOPC21 (IgG1 isotype control; Sigma), 1a2 (IgG2a isotype control; this laboratory), and MOPC121 (IgG2b isotype control; Sigma) were used.
Limiting-dilution DNA PCR. The absolute frequency of virus-infected cells in a given population was estimated by limiting-dilution DNA PCR analysis with a DNA PCR assay that can detect the presence of a single viral genome in as many as 10 6 uninfected cells. The quantitative and technical aspects of this assay have been detailed elsewhere (12) . Isolated populations were serially diluted, and replicates, usually eight, of each dilution were prepared in a 96-well V-bottomed microtiter plate (Immulon). The plate was centrifuged at 1,500 rpm for 15 min at 4°C, and the supernatant was aspirated. Then, 10 l of a lysis solution containing 0.45% Tween 20, 0.45% NP-40, 2 mM MgCl 2 , 50 mM KCl, 10 mM Tris (pH 8.3), and 0.5 mg of proteinase K per ml was added to each well, and the plate was incubated for at least 2 h at 55°C. After incubation, the plate was centrifuged quickly to remove condensation from the lid of the plate. PCR was performed in a final volume of 50 l per reaction; 5 l of cell lysate was added to each PCR. The PCR and Southern blotting conditions have been described in detail previously (20) .
Poisson statistics were used to determine the absolute number of infected cells from the limiting-dilution analysis as described previously (12, 20) . To exclude the possibility of external contamination of the DNA PCR, we included eight negative DNA samples per analysis. Furthermore, the lack of contamination could be confirmed since the PCR signals always fractionate consistently, for example, into the IgD Ϫ subset of peripheral blood cells, and the signals titrated out, i.e., they were weaker and less frequent with fewer cells.
cDNA synthesis. Cells (usually 5 ϫ 10 6 ) were pelleted in a microcentrifuge tube, resuspended in 1 ml of Trizol reagent (Gibco-BRL), and incubated at room temperature for 5 min. Then, 200 l of chloroform was added, and the tube was shaken vigorously for 10 s. The suspension was incubated at room temperature for 5 min and centrifuged at 11,500 rpm in an Eppendorf microcentrifuge for 15 min at 4°C. The top aqueous layer was transferred to a fresh microcentrifuge tube containing 500 l of isopropyl alcohol and incubated for 10 min at room temperature. The tube was centrifuged at 11,500 rpm for 10 min at 4°C, and the supernatant was aspirated. Then, 1 ml of 75% ethanol was added, and the tube was vigorously vortexed, and again centrifuged at 9,200 rpm for 5 min at 4°C. The supernatant was aspirated, and the pellet was allowed to dry for 10 min at room temperature. The pellet was resuspended in 7 or 14 l of high-pressure liquid chromatography water (HPLC H 2 O) at 55°C for 15 min.
To synthesize cDNA from purified RNA, 7 l of RNA suspension was transferred to a 200-l Microamp reaction tube, and 5 l of random primers (50 ng/l; Gibco-BRL) was added to the RNA suspension. The mix was heated at 68°C for 8 min, followed by a 2-min incubation on ice. The tubes were rapidly centrifuged to remove condensation, and 7 l of a mix containing 1 l of 10 mM deoxynucleoside triphosphates (dNTPs), 4 l of 5ϫ Superscript II buffer (375 mM KCl, 250 mM Tris [pH 8.4], 15 mM MgCl 2 ), and 2 l of 100 mM dithiothreitol was added. The reaction was incubated at room temperature for 10 min, followed by the addition of 50 U of Superscript reverse transcriptase (Gibco-BRL catalog no. 18064-014) and incubation at room temperature for an additional 10 min. Next, the tube was incubated at 42°C for 50 min, and the reaction was stopped by incubation at 68°C for 15 min. The volume was made up to 100 l by addition of 80 l of HPLC H 2 O, and 20 l was used for each PCR.
PCR of latent gene products. PCR was performed on the synthesized cDNA for EBNA1 (U-K), EBNA1 (Q-K), EBNA2, EBNA3a, EBNA3b, EBNA3c, LMP1, and LMP2a. Reaction conditions for each were 50 mM KCl, 20 mM Tris (pH 8.4), 0.2 mM dNTPs, and 20 pM each of the amplimers. MgCl 2 was 2 mM for EBNA1 (U-K), EBNA3a, EBNA3b, EBNA3c, and LMP2a, 2.5 mM for EBNA1 (Q-K), and 3.0 mM for EBNA2 and LMP1. The amplimers were as follows: EBNA1 (U-K): E1U (5Ј-AGCTTCCCTGGGATGAGCGT-3Ј) and E1K (5Ј-TCTTCCCCGTCCTCGTCCAT-3Ј) (26); EBNA1 (Q-K), RT3 (5Ј-TG GCCCCTCGTCAGACATGATT-3Ј) and Qb (5Ј-AGCGTGCGCTACCGGAT-3Ј) (gift from Sam Speck); EBNA2, E2F (5Ј-CATAGAAGAAGAAGAGGAT GAAGA-3Ј) and E2R (5Ј-GTAGGGATTCGAGGGAATTACTGA-3Ј) (26); EBNA3a, L1 (5Ј-TCTTCCATGTTGTCATCCAGGG-3Ј) and U1 (5Ј-CTTAG GAAGCGTTTCTTGAGCTT-3Ј); EBNA3b, E3B-S (5Ј-TTCCATGTTGCAAT CGGACC-3Ј) and E3B-AS (5Ј-AAAGTGACCTAGCACGACGT-3Ј) (gift from Robert Touitou); EBNA3c, E3C-S (5Ј-GGGCTGTCAAGCAATCGCAC-3Ј) and E3C-AS (5Ј-GTGGTGCATTCCACGGGTAA-3Ј) (gift from Robert Touitou); LMP1, L1F (5Ј-TTGGTGTACTCCTACTGATGATCACC-3Ј) and L1R (5Ј-AGTAGATCCAGATACCTAAGACAAGT-3Ј) (26); and LMP2a, L2F (5Ј-ATGACTCATCTCAACACATA-3Ј) and L2R (5Ј-CATGTTAGGCAAAT TGCAAA) (26) .
Master mixes with the indicated conditions were aliquoted to 200-l Microamp reaction tubes, and 20 l of the cDNA suspension described above was added to give a final volume of 50 l. Therefore it was possible to perform RTPCR for up to five different latent genes from one cDNA pot. Reactions were incubated at 95°C for 5 min, and 1 U of Taq DNA polymerase (Perkin Elmer) was added to each tube. The tubes were loaded in a Geneamp 9600 thermocycler and the following conditions were run: for EBNA1 (Q-K), EBNA3a, EBNA3b, EBNA3c, and EBNA2, 95°C for 15 s, 62°C for 30 s, and 72°C for 30 s, repeated for 40 cycles; for EBNA1 (U-K) and LMP1, 95°C for 15 s, 65°C for 30 s, and 72°C for 30 s, repeated for 40 cycles; for LMP2a, 95°C for 15 s, 55°C for 30 s, and 72°C for 1 min, repeated for 40 cycles.
All reactions were concluded with a 5-min incubation at 72°C to complete the extension of all synthesized products. PCR products were electrophoresed on agarose gels, blotted, and probed as described above.
RTPCR products were analyzed in the same manner as the DNA PCRs except the PCR products were detected by probing Southern blots with 32 P-randomprimed PCR products isolated from an EBV-positive lymphoblastoid or Rael cell line. An EBV-positive lymphoblastoid cell line was used as a positive control for RTPCR for EBNA1 (U-K), EBNA2, EBNA3a, EBNA3b, EBNA3c, LMP1, and LMP2a, and the Rael Burkitt's lymphoma cell line was used as a positive control for EBNA1 (Q-K) RTPCR. These protocols detect the mRNA from 1 EBVpositive cell in the presence of 5 ϫ 10 6 EBV-negative tonsil cells (see Fig. 2 ).
RESULTS
Naive (IgD ؉ ) but not IgD ؊ B cells from the tonsil express EBNA2, the latent gene characteristic of the lymphoblastoid growth program. When EBV newly infects resting B cells, EBNA2 is the first gene to be expressed (1, 29) , and it regulates the expression of all the other latent genes (38, 39, 42) . The result is an activated lymphoblast proliferating under the control of the growth program. Thus, EBNA2 expression is a specific marker for the lymphoblastoid growth program. To test if the infected IgD ϩ population from the tonsil bore the hallmarks of direct infection, we have screened a panel of tonsils for EBNA2 expression.
Tonsillar B cells were fractionated into IgD ϩ (naive) and IgD Ϫ (memory plus germinal center) B cells using biotinylated antibodies and the MACS system (Fig. 1) . The cells were then split into two aliquots. The first aliquot was used to generate a limiting-dilution series for DNA PCR analysis to estimate the absolute frequency of virus-infected cells in the two populations. The second aliquot was used to isolate mRNA from the two populations of cells for cDNA preparation and PCR analysis for EBNA2 expression.
The results of the RTPCR analysis from five such tonsils are shown in Fig. 2A , and a summary of results from 16 tonsils are given in Table 1 . EBNA2 was detected in the IgD ϩ population (13 of 16) but never in the IgD Ϫ population (0 of 16). For each tonsil, multiple negative controls and a sensitivity control of the type shown in Fig. 3 were performed. The failure to detect EBNA2 in the IgD ϩ cells from 3 of the 16 tonsils could genuinely reflect a lack of EBNA2 expression; however, we suspect it is more likely a consequence of a technical failure. Although the overall quality of the cDNA in these samples appeared good, the number of infected cells is so small that relatively minor variations in the cell fractionation or cDNA synthesis protocol could cause a false-negative result. Due to limited amounts of material, it was not possible to reanalyze the cells from these three tonsils. The failure to detect EBNA2 in any of the IgD Ϫ population, however, was consistent even when sufficient cells were available to confirm the negative result. Furthermore, for tonsils for which sufficient cells were available, we have preformed spiking experiments in which 5 or 1 infected cell from an in vitro-transformed lymphoblastoid cell line was added to the purified IgD Ϫ B cells prior to mRNA extraction. An example of one such experiment is shown in Fig.   2B . This result confirms that the EBNA2 transcript was detectable in the IgD ϩ but not the IgD Ϫ cells. However, EBNA2 was detected when the EBV lymphoblasts were spiked into the IgD Ϫ sample. The failure to detect an EBNA2 transcript in the IgD Either five or one cell from an EBNA2-positive lymphoblastoid cell line (LCL) was spiked into the IgD Ϫ population prior to mRNA extraction for EBNA2 RTPCR. The negative controls are B cells from tonsils that were EBV negative in the DNA PCR assays used to derive the frequencies shown in Table 1 .
Naive but not IgD
؊ B cells from the tonsil also express the EBNA3 family of latent genes. In addition to EBNA2, the other latent genes that are restricted in their expression to the growth program are EBNA3a, -b, and -c (reviewed in reference 27). Therefore, we analyzed EBNA2, EBNA3a, EBNA3b, and EBNA3c expression in IgD ϩ and IgD Ϫ cells from an additional five tonsils. The results for two representative tonsils are shown in Fig. 4 , and a summary of the results for all five tonsils are presented in Table 2 . We found that EBNA2, EBNA3a, EBNA3b, and EBNA3c expression was restricted to the IgD ϩ subset; none were found in the IgD Ϫ population (Fig. 4A) . However, the EBNA3s were not detected in two of five of the tonsils tested (Fig. 4B ) even though EBNA2 expression was reproducibly detected in all five. The reason for these negative results is unclear. They were not due to technical failures, since both tonsils were retested for EBNA3 expression in at least three independent experiments and were uniformly negative, while control and spiking experiments were positive, and the same cDNA preparations were positive for EBNA2. It is possible that a subset of tonsils contain infected IgD ϩ cells that express EBNA2 without the EBNA3s, but it is unclear why this would happen in some tonsils and not others, unless it was caused by differential and transient gene expression in subsets of IgD ϩ cells. This seems unlikely, given the tight linkage between expression of EBNA2 and the EBNA3s. Technical explanations seem more likely. All of the RTPCR assays we have used readily detect gene expression in a single cell infected in vitro (Fig. 3) . The exception is EBNA3a, for which 10 or more cells are required to obtain a strong signal. Therefore, failure to detect EBNA3a may simply reflect the lack of sensitivity of the assay. A more likely explanation for the discrepancy between EBNA2 and EBNA3 detection is that the transcript copy number for the EBNA3s may be significantly lower in the in vivo-infected cells than in the cell lines, whereas the EBNA2 transcript level may be similar. It is also conceivable that our EBNA3 primers do not detect all of the viral isolates due to sequence variation in the EBNA3 genes.
Combining the results in Tables 1 and 2, we Expression of other latent genes in the IgD ؉ population. The growth program is characterized by expression of the EBNA2 and EBNA3 genes. EBNA1 and the latent membrane proteins (LMPs) are also expressed, but they are not unique to FIG. 3 . Sensitivity of the RTPCR assays used. cDNA prepared from EBVpositive cell lines was serially diluted into cDNA from EBV-negative tonsils to generate 100, 10, and 1 cell equivalents. The negative controls are B cells from EBV-negative tonsils alone. The expected positions of the PCR products are indicated by the arrows. Similar sensitivity and negative controls were performed for all experiments. An EBV-positive lymphoblastoid line was used for all RTPCRs except EBNA1 (Q-K), for which Rael cells were used. All of the assays could detect a single cell equivalent, although the EBNA3a assay was significantly less sensitive than the others. Dϩ, surface IgD ϩ B-cell population; DϪ, surface IgD Ϫ B-cell population. 
a Tonsil numbers are the same as in Table 1 . (12) . Briefly, purified cell populations were serially diluted, and multiple aliquots were made of each diluted sample. DNA PCR was then performed on each aliquot, the fraction of negative aliquots for each dilution was estimated, and Poisson statistics were used to calculate the frequencies. Since the DNA PCR will detect a single genome of viral DNA, this assay provides an absolute quantitative measure of the frequency of infected cells. the growth program. They are also present in the more restricted forms of latency found in tumors such as Hodgkin's lymphoma (10, 21, 23, 24) and nasopharyngeal carcinoma (6, 8, 41) . In these tumors, EBNA2 and the EBNA3s are not expressed. The only EBNA found is EBNA1, and it is expressed from a unique promoter (Qp) (22, 30, 37) that is not used in the growth program. To assess if the overall pattern of latent gene expression in latently infected, naive B cells was consistent with the growth program, we screened IgD ϩ B cells from a panel of six tonsils for expression of the EBNA1 (U-K) and EBNA1 (Q-K) transcripts and the LMP1 and LMP2 genes. An example of the results obtained with three tonsils is shown in Fig. 5A , and a summary of all the results obtained is shown in Table 3 . Typical sensitivity and negative controls are shown in Fig. 3 . As expected, from the studies already described, EBNA2 was detected in all of the samples of IgD ϩ cells tested. In addition, LMP1 and LMP2 were also expressed in the IgD ϩ cells from six of six tonsils. We were unable to detect the presence of the Qp-derived form of the EBNA1 transcript in six of six tonsils, although EBNA1 itself was being produced, since three of three tonsils negative for EBNA1 (Q-K) were positive for EBNA1 (U-K). This RTPCR detects all of the known splice variants of the EBNA1 transcript. To test if the failure to detect EBNA1 (Q-K) was due to technical difficulties with our assay, we spiked different numbers of Rael cells into the tonsillar B-cell preparations. Rael is a Burkitt's lymphoma line that expresses the EBNA1 (Q-K) transcript. As shown in Fig. 5B , we readily detected EBNA1 (Q-K) when as few as 1 Rael cell was spiked into the tonsillar B cell. Thus, the pattern of latent genes found in the IgD ϩ population is EBNA1
, and LMP2 ϩ but EBNA1 (Q-K) negative. This is precisely the expected pattern for the growth program associated with the lymphoblastoid form of latency found in directly infected cells in vitro.
Latently infected naive (IgD ؉ ) tonsillar B cells express an activated surface phenotype. Resting naive B cells are negative for expression of the costimulatory molecule B7.1 (CD80). This molecule is expressed at high levels when naive B cells become activated lymphoblasts through either antigen activation or EBV infection (9) . To test if EBV-infected, naive (IgD ϩ ) B cells were phenotypically activated, we isolated tonsilar lymphocytes and stained for IgD and CD80 expression. The cells were then fractionated into IgD ϩ CD80 ϩ (activated naive) and IgD ϩ CD80 Ϫ (resting naive) B cells using MoFlo FACS. An example of the staining profile and sort gates is shown in the left-hand panel of Fig. 6A , and reanalysis of the purified populations is shown in the middle and right panels. The frequency of virus-infected cells in each population was then estimated using the limiting-dilution DNA PCR assay. The PCR results for one experiment are shown in Fig. 6 , and the quantitation from two such experiments is summarized in Table 4 . It can readily be seen that separation on the basis of CD80 expression resulted in a marked enrichment of the virusinfected cells into the CD80 ϩ fraction. The percentage of IgD ϩ cells expressing CD80 could be estimated from the FACS analysis prior to sorting. From these numbers, it is possible to backcalculate the absolute numbers of virus-infected cells residing in each fraction. For experiment number 
1, Ͼ90% of the infected cells could be accounted for in the CD80 ϩ fraction, whereas in experiment 2, approximately 80% were in the CD80 ϩ fraction. These represent rough estimates; nevertheless, overall the experiments are consistent with most if not all of the infected IgD ϩ naive B cells expressing an activated cell surface phenotype.
EBV-infected naive (IgD ؉ ) B cells are not always detected in EBV-positive tonsils. We have developed a quantitative, limiting-dilution assay that allows the measurement of absolute numbers of EBV-infected cells within a given population of cells (12, 20) . With this assay, we have shown previously that peripheral blood, a site of persistent infection, contains infected IgD Ϫ B cells but completely lacks infected IgD ϩ (naive) B cells (4) . In comparison, tonsils contain both infected IgD ϩ and IgD Ϫ B cells. We noted, however, that there were rare tonsils that lacked infected IgD ϩ cells. Infected IgD Ϫ B cells were found in 100% of the samples tested for both (59 of 59) tonsils and peripheral blood (16 of 16) (Table 5) (12) . Briefly, purified cell populations were serially diluted, and multiple aliquots were made of each diluted sample. DNA PCR was then performed on each aliquot, the fraction of negative aliquots for each dilution was estimated, and Poisson statistics were used to calculate the frequencies. Since the DNA PCR will detect a single genome of viral DNA, this assay provides an absolute quantitative measure of the frequency of infected cells. There were 31% and 10% CD80 ϩ cells in the IgD ϩ fraction for experiments 1 and 2, respectively. b Based on a single positive cell among 2.2 ϫ 10 6 cells tested. 
DISCUSSION
In this paper, we report that the tonsillar lymph nodes of healthy carriers of EBV contain infected lymphoblastoid cells that express the growth latency program. We further show that these cells are all IgD ϩ (naive) B cells. In a previous study, we demonstrated a direct correlation between the detection of these infected IgD ϩ cells and the presence of viral replication. Since the naive, infected lymphoblasts are not found when infectious virus is absent (4), we conclude that they are not a self-sustaining compartment of viral persistence. Instead, they are being continuously generated by direct infection with the virus and then removed, either through differentiation (see below) or through the actions of CTL.
The lymphoblastoid growth program has already been characterized extensively because it is the program used when the virus establishes latency in vitro. However, lymphoblastoid cells expressing the growth latency program have only been detected before in vivo during acute infectious mononucleosis (36) . These cells stimulate a rapid and potent CTL response that is particularly focused on the EBNA2 and EBNA3 latent proteins (13) , which are uniquely expressed by the growth program. The CTL response is thought to eliminate infected cells, driven to proliferate by the growth program, before they develop into a pathogenic threat. This threat is revealed in immunosuppressed individuals who are at risk for developing life-threatening lymphomas derived from B cells expressing the growth program (31, 40) .
The oncogenic risk to the host posed by proliferating, EBVinfected lymphoblasts has led to the suggestion that the EBVencoded growth program is essential for the establishment of latency during acute infection, before the CTL response arises. Thereafter, the proliferating lymphoblasts are killed as soon as they are produced and play no role in the maintenance of persistent latent infection. This view now appears too simple. The frequency of infected IgD ϩ cells in the tonsil is comparable to that of infected IgD Ϫ cells in the periphery-a population that is presumably under less immunosurveillance because the major CTL target antigens, EBNA2 and the EBNA3s, are not expressed (5, 26, 36 ). It appears, therefore, that the CTL response is not particularly effective in eliminating the naive, infected lymphoblasts. Furthermore, it is noteworthy that the lymphomas that arise in allograft patients, in whom the CTL response is suppressed iatrogenically, are not IgD ϩ (11) . This implies that CTL are not required to regulate the IgD ϩ cells expressing the growth program in the tonsil.
The key to understanding why latently infected, naive B cells in the tonsil express the growth program but may not require immunosurveillance lies, we believe, in the specificity of the infection process for the naive compartment and in our model of EBV persistence. It is well known that EBV has no specificity for naive B cells in vitro; it can equally well infect and growth-transform memory B cells. Yet we have shown in this study that only naive IgD ϩ B cells are being infected by EBV and driven to express the growth program. The explanation must be that infectious virus is restricted to regions of the tonsil that contain only naive B cells. The only region of the tonsil that is highly enriched for naive IgD ϩ B cells and lacks other B cell types is the mantle zone that surrounds the follicles (16, 25) . It would be a reasonable scenario to suggest that latently infected memory B cells from the periphery extravasate in the marginal zones of the tonsil and reactivate the virus in response to signals that they receive as they migrate to the mantle zone. Thus, infectious virus would only be produced in regions where IgD ϩ , naive B cells were present. We have proposed that EBV-infected, naive B cells in vivo are able to recapitulate B-cell differentiation driven by antigen (4, 32, 33) . They do not remain lymphoblasts, but rather differentiate through a germinal center-type reaction (16, 17) to enter the peripheral B-cell pool as resting memory cells. In this scenario, expression of the growth program in a naive B cell in a lymph node would be transient and not a pathogenic threat even to the immunosuppressed host. If true, then the CTL exist not to kill infected naive cells in the mantle zone, but to kill cells that express the growth program in inappropriate locations where they cannot differentiate into a resting memory cell. This would include all nonnaive B cells in lymph nodes and all extranodal B cells that would not have access to follicles to allow differentiation. These ideas are especially interesting in light of recent studies from acute infectious mononucleosis patients (15a). These authors microdissected single cells from the tonsils of infectious mononucleosis patients. They observed that the proliferating EBNA2 ϩ clones in the tonsils are memory cells. Since we have never detected memory lymphoblastoid cells in the tonsils of healthy carriers, we assume that the situation in infectious mononucleosis is a deregulated one. Here the virus has escaped the usual anatomical confines that allow only infection of naive B cells and has infected memory cells. These cells grow out of control because they cannot differentiate. Eventually these clones of memory cells are destroyed when the CTL response arises. The situation in infectious mononucleosis is so atypical that proliferating, infected lymphoblastoid cells expressing the growth program are even present in the peripheral blood (36) . Such cells have never been found in the blood of healthy carriers of the virus (5, 26, 36) even when immunosuppressed (3). It is our presumption that it is the role of the CTL to clear these types of aberrant and uncontrolled infections of B cells in the lymph nodes and in the blood. The infection of naive B cells in the tonsils is, by comparison, regulated by differentiation and may not require surveillance by CTL.
One caveat to our experiments is that we do not know what fraction of the infected IgD ϩ naive cells are actually expressing the growth program. In previous studies, we have shown that all of the EBV-positive naive cells are latently infected (7), but it is conceivable that a large fraction of the infected cells are resting and expressing none of the growth-promoting latent genes. However, it is difficult to conceive how this could occur. When EBV infects B cells, they automatically go to the growth program and start to proliferate; there is no evidence that other forms of latency are adopted. Such infected, naive B cells in vivo would then have to leave the cell cycle and be maintained as resting naive B cells that stay in the tonsil, because there are no infected naive B cells in the peripheral blood. Such behavior has never been documented for a normal naive B cell. Activated naive B cells can only exit the cell cycle through differentiation or death.
In conclusion, cells in the tonsil expressing the growth program, characteristic of direct infection, are restricted to the naive subset. It will be important now to characterize the type and location of cells that replicate the virus in the tonsils of healthy carriers and identify the signals that are required in vivo to initiate viral replication.
